In this study we have done the aerodynamic study of a sedan vehicle. The simulation of the external aerodynamics of the vehicles is the most challenging and very much important automotive computational fluid dynamics application. With the speedy improvement in digital computers, computational fluid dynamics is used as a practical tool in present day practical research. In this study two different types of simulations were done. First simulation was done on a simple sedan car to find out the coefficient of drag and coefficient of lift then, the second simulation was done on the same simple sedan car model by installing the rear spoiler to find out the coefficient of drag and coefficient of lift. For all this simulation the base model was made in SolidWorks 2015 by considering the dimensions of the Chevrolet Cruze. This study result shows that the coefficient of drag and coefficient of lift of the vehicle model with spoiler has a mild reduction. This leads to less fuel consumption on the road, helps to maintain traction and increase braking stability.
II. DESIGNING OF 2D CAD MODEL
At the beginning the car model dimensions of Chevrolet Cruze was selected for the preparation of the 2D CAD model as shown in Fig.1 . The Chevrolet Cruze is the sedan car. We also selected the spoiler model dimensions for the preparation of the 2D CAD model of the spoiler as shown in the Fig.2 . Considering the dimensions of Chevrolet Cruze the simplified 2D CAD model of the vehicle was prepared which was without spoiler and then the second 2D CAD model of the vehicle having a rear spoiler on the trunk lid was prepared as shown in the Fig.3 and Fig.4 respectively. The 2D CAD model of the spoiler on the trunk lid of the vehicle was also prepared by considering the dimensions of the spoiler as shown in Fig.5 . For preparing all the models SolidWorks 2015 was used. 
III. CFD ANALYSIS OF THE MODELS
Computational Fluid Dynamics (CFD) is one of the most popular engineering analysis method. The CFD analysis was carried out by using Ansys 2015 in which fluent analysis system were used. As the models prepared in SolidWorks 2015 was 2D, so the analysis carried out will be also in 2D form. In the geometry the enclosure of specified dimensions was created surrounding the car 2D CAD model without spoiler. The same enclosure of the specified dimensions was created surrounding the car 2D CAD model with spoiler.
Meshing
On both the car body surface without spoiler or with spoiler the fine triangular shape surface mesh of 1 mm was done as shown in Fig.6 and Fig.7 respectively.
Figure 6. Fine meshing on surface of a car body without spoiler

Figure 7. Fine meshing on surface of a car body with spoiler
Boundary conditions
After meshing was done on both the car model without spoiler and with spoiler there were total five boundary conditions were applied.
 First boundary condition was inlet which was nothing but the velocity inlet and it was given 70 m/sec.  Second boundary condition was outlet which was the pressure outlet.  Third boundary condition was the boundary at top which was a fixed wall.  Fourth boundary condition was the road on which the vehicle was stationary.  Fifth boundary condition was the car body on which we have to find the coefficient of drag and coefficient of lift.
All these above boundary conditions were given to the model of a car without spoiler, as well as to the model of car with spoiler. The boundary conditions of the model of a car without spoiler are shown in Fig.8 and the boundary conditions of the model of a car with spoiler are shown in Fig.9 below. 
Setup for analysis
For doing the analysis the time is kept steady. The viscousstandard k-omega models were preferred for the analysis. The fluid used was air. The 70 m/sec value was given to the inlet boundary condition, which means we are keeping the car as stationary and giving the velocity of 70 m/sec to the flow of air across the car body. The solution method pressure velocity coupling scheme used was coupled as it takes more time but gives more accurate results. At last we have to run the iterations to get the result. The iterations should be runned until the solution is converged to give the values of CD and CL.
Results
The contours of static pressure for both the 2D CAD models of car without spoiler and with spoiler are shown in Fig.10 and Fig.11 respectively. From figures we can clearly see that the maximum pressure is in the front side of the hood of the car as it is represented in red color. So, the maximum pressure acting on the car without spoiler is 3.24e+03 which is equal to 3237.776 Pa and the maximum pressure acting on the car with spoiler is 3.24e+03 which is equal to 3236.886 Pa.
Figure 10. Contours of static pressure for model of car without spoiler Figure 11. Contours of static pressure for model of car with spoiler
The contours of velocity in X-direction were shown on both the 2D CAD models of car without spoiler and with spoiler in Fig.12 and Fig.13 respectively. From figures we can clearly see that the maximum velocity is present over the roof top of the car as it is indicated in red color. So, the maximum velocity present on the roof top of the car without spoiler is 1.21e+02 which is equal to 120.7896 m/sec and the maximum velocity present on the roof top of the car with spoiler is 1.25e+02 which is equal to 124.5325 m/sec.
Figure 12. Contours of velocity in X-direction on model of car without spoiler
Figure 13. Contours of velocity in X-direction on model of car with spoiler
Comparison of the graphs
The graphs of coefficient of drag (CD) and coefficient of lift (CL) was plotted for both the car models i.e. for car model without spoiler and car model with spoiler. The graph of CD and CL for car model without spoiler is shown below in Fig.14 and Fig.15 respectively. The graph of CD and CL for car model with spoiler is shown below in Fig.16 and Fig.17 respectively. By comparing the graph shown in Fig.14 and Fig.16 , we can observe that the value of drag shown in Fig.14 without spoiler is 0.555 whereas the value of drag shown in Fig.16 with spoiler is 0.486. So we can say that after installing the spoiler the drag has been decreased. By comparing the graph shown in Fig.15 and Fig.17 , we can observe that the value of lift shown in Fig.15 without spoiler is 0.503 whereas the value of lift shown in Fig.17 with spoiler is 0.108. So we can say that after installing the spoiler the lift has also been decreased. The comparison of Drag and Lift is shown in Table. 1 below. IV. CONCLUSION The aerodynamic lift, drag and flow characteristics of a high speed sedan car were numerically investigated. It is observed that the drag force and the lift force at the back side of the car were reduced by installing the rear spoiler or wing. In short, the analysis reveals that the rear spoiler have considerable effect on lift and drag of the vehicle which has the following advantages:
1. Increases vehicle stability at high speed.
2. Reduces fuel consumption.
